Abstract. Galectin-3 has been reported to be associated with the prognosis of patients with various malignancies; however, it has not yet been investigated in patients with extrahepatic cholangiocarcinoma (EHCC). Expression of galectin-3 was retrospectively examined in 58 patients with EHCC: 21 with perihilar cholangiocarcinoma and 37 with distal cholangiocarcinoma (DCC). The Cox proportional hazard model was used to identify independent prognostic factors. Intranuclear accumulation of galectin-3 (gal-3-INA) was associated with poorer overall survival (OS) in all patients (P=0.003), as well as in patients with DCC (P=0.004). Patients with gal-3-INA also exhibited a poorer disease-free survival (DFS) than those without gal-3-INA in all patients with EHCC (P<0.001), and in patients with DCC (P<0.001). Gal-3-INA was an independent prognostic factor of OS and DFS in all patients [OS: Hazard ratio (HR), 4.470; 95% confidence interval (CI), 1.759-11.357; P=0.002; and DFS: HR, 5.116; 95% CI, 2.025-12.925; P=0.001]. Gal-3-INA was also an independent prognostic factor in patients with DCC (OS: HR, 2.979; 95% CI, 1.035-8.570; P=0.043; and DFS: HR, 6.773; 95% CI, 1.558-29.439; P=0.011). In the analysis of patients with DCC, the number of patients with high galectin-3 expression (P=0.038), recurrence (P<0.001), distant metastases (P<0.001), R0 status (P=0.029) or microscopic vascular invasion (P=0.019) was significantly higher in the gal-3-INA-positive group than in the gal-3-INA-negative group. In conclusion, gal-3-INA was identified as a strong prognostic factor for OS and DFS in patients with DCC.
Introduction
Extrahepatic cholangiocarcinoma (EHCC) is a relatively rare disease in Western countries, although its incidence is increasing: ~5,000 new cases are diagnosed every year in the USA (1) . In Japan, however, EHCC has been reported to be associated with >18,000 mortalities annually (2) . The disease is classified into two categories: Perihilar cholangiocarcinoma (PCC) and distal cholangiocarcinoma (DCC) (3) . Surgical resection is the first-line treatment for the disease. However, the 5-year survival rate remains at 30-42% for PCC and 18-54% for DCC (4) (5) (6) (7) (8) (9) (10) (11) (12) . Reported prognostic factors of EHCC include lymph node metastasis (11, (13) (14) (15) (16) (17) (18) (19) (20) (21) , the number of involved nodes (13, 15, 16, 18, 19) , surgical margin status (12, 22) , Union for International Cancer Control (UICC) tumor-node-metastasis (TNM) factors and/or stage (23) , lymphovascular invasion (23, 24) , perioperative blood transfusion (25) and comorbidity (26) . Among these, lymph node metastasis and the number of involved nodes are considered to be the strongest prognostic factors. Therefore, the present study investigated the possibility of identifying a more effective prognostic factor.
Galectin-3, a β-galactoside binding lectin, exhibits pleiotropic biological functions, and has been implicated in cell growth, differentiation, apoptosis, adhesion, malignant transformation and RNA processing (27) (28) (29) (30) . Overexpression of galectin-3 was reported as a predictor of poorer prognosis in ovarian carcinoma (31) , nasopharyngeal carcinoma (32) , malignant melanoma (33) , gallbladder carcinoma (34) , osteosarcoma (35) and hepatocellular carcinoma (36) . However, in pancreatic carcinoma (37) , laryngeal squamous-cell carcinoma (38) , gastric carcinoma (39) , clear cell renal carcinoma (40) and breast carcinoma (41) , its overexpression has been reported to be associated with improved prognosis. However, when considering the association between galectin-3 and cholangiocarcinoma, there are only a few studies on patients with intrahepatic cholangiocarcinoma (42) (43) (44) . The present study focused on the ability of galectin-3 to prevent anoikis, which is a form of apoptosis that is induced when cells are exposed to a condition of no contact with each other or the Intranuclear accumulation of galectin-3 is an independent prognostic factor for patients with distal cholangiocarcinoma TATSUO SHIMURA 1 , YASUHIDE KOFUNATO 1 extracellular matrix, as is the case when cancer cells are not attached in lymphovascular vessels prior to the development of metastatic foci (45) . Therefore, the present study focused on the association between EHCC prognosis and galectin-3 expression.
Patients and methods

Patients.
A total of 63 patients with EHCC underwent surgical resection between January 1999 and January 2014. Among these, 3 patients were excluded due to surgery-associated mortality, and 2 patients were excluded, as follow-up was not possible. The remaining 58 patients with EHCC (21 PCC cases and 37 DCC cases) were enrolled in accordance with the guideline for informed consent and approval from the Ethics Committee of Fukushima Medical University (Fukushima, Japan). All patients gave written informed consent.
Clinicopathological features. Patient demographics are summarized in April 30, 2015 . OS and DFS were calculated using the Kaplan-Meier method, and differences between the groups were assessed by the log-rank test. Factors identified as significant by univariate analysis were then subjected to a multivariate analysis as previously reported (18, 47) using the Cox proportional hazard model to identify independent predictors of recurrence and prognosis. All statistical calculations were performed using SPSS version 22 (IBM SPSS, Armonk, NY, USA). Fig. 1 shows the galectin-3 expression of patients with EHCC. In the specimens with gal-3-INA, galectin-3 existed in the nucleus as well as in the cytoplasm; however, in those without gal-3-INA, galectin-3 was only present in the cytosol.
Results
Galectin-3 expression.
OS.
The median survival times of all patients, patients with PCC and patients with DCC were 2.320, 1.520 and 2.737 years, respectively. Fig. 2 shows the OS of all patients and patients with DCC, comparing patients with and without gal-3-INA. Patients with gal-3-INA had a significantly poorer prognosis than those without gal-3-INA in the total patients (median OS, 5.940 vs. 1.920 years; P=0.003) and patients with DCC (median OS, 13.160 vs. 2.100; P=0.004) groups. The results of univariate and multivariate analyses are shown in Table II Table III . Analysis of all patients revealed that gal-3-INA (HR, 5.116; 95% CI, 2.025-12.925; P=0.001) and the number of involved nodes (HR, 2.493; 95% CI, 0.476-2.729; P=0.041) were independent prognostic factors. As for the patients with PCC, only the number of involved nodes was statistically significant (HR, 24.547; 95% CI, 2.458-245.18; P=0.006) in the univariate analysis. In the analysis of patients with DCC, gal-3-INA was the only independent prognostic factor (HR, 6.773; 95% CI, 0.558-29.439; P=0.011).
Subgroup analysis. Table IV shows the subgroup analysis on patients' demographics, according to the presence of gal-3-INA. In the analysis of patients with PCC, no statistically significant differences were observed, although the number of patients with a positive margin was lower in the gal-3-INA group than in the gal-3-INA-negative group. In the analysis of patients with DCC, the number of patients with higher galectin-3 expression, recurrence, distant metastases, R0 status or microscopic vascular invasion was significantly higher (P= 0.029 and P=0.019, respectively) in the gal-3-INA-positive group than in the gal-3-INA-negative group, whereas the number of patients with postoperative complications was significantly lower (P=0.045) in the gal-3-INA-positive group than in the gal-3-INA-negative group. In the analysis of the total study population of 58 patients, the number of patients with higher galectin-3 expression (P=0.013), recurrence (P<0.001), distant metastases (P<0.001), exfoliation-margin negative (P=0.013), R0 status (P=0.009) or microscopic vascular invasion (P= 0.033) was significantly higher in the gal-3-INA-positive group than in the gal-3-INA-negative group. No significant difference was observed among the subgroups in the other investigated categories: Age, sex, surgical procedure, comorbidity, adjuvant chemotherapy, TNM classification, number of involved nodes, tumor differentiation, microscopic lymphatic invasion or tumor markers.
Discussion
To the best of our knowledge, the present study reported for the first time the association between the expression of galectin-3 and the prognosis of EHCC. The results of the present study show that the gal-3-INA-positive group in patients with EHCC is associated with poorer prognosis than the gal-3-INA-negative group. In patients with DCC, gal-3-INA was the only independent prognostic factor. Overexpression of galectin-3 was reported as a predictor of poor prognosis in various malignancies, including ovarian carcinoma (31), nasopharyngeal carcinoma (32), malignant melanoma (33), gallbladder carcinoma (34), osteosarcoma (35) and hepatocellular carcinoma (36) . However, galectin-3 overexpression was reported to be associated with improved prognosis in pancreatic carcinoma (37) , laryngeal squamous-cell carcinoma (38) , gastric carcinoma (39), clear cell renal carcinoma (40) and breast carcinoma (41) . The reason for this contrast has been attributed to the idiosyncrasy of each malignancy (48) . In the 
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Univariate analysis present study, the expression level of galectin-3 had no association with prognosis, while it was augmented in tumor cells, compared with that in adjacent normal bile duct epithelia (data not shown). Little attention has been paid to the subcellular distribution of galectin-3 in association with patient prognosis, whereas overexpression of galectin-3 has been reported to promote various functions in tumor cells, including anti-apoptosis, resistance to therapeutic agents, proliferation and migration (27) (28) (29) 49) . To establish metastatic foci, tumor cells must survive certain conditions, including isolation from cell-to-cell contact or cell-to-matrix adhesion. This potential cancer cell development may be attained through the epithelial-to-mesenchymal transition (EMT) (45, 50) . Previously, inhibition of the kinase activity of glycogen synthase kinase-3β (GSK-3β) was shown to result in the induction of EMT through the carboxyl terminus of heat shock protein 70-interacting protein-mediated degradation of Slug (51). Galectin-3 contains a consensus sequence of GSK-3β phosphorylation (52) . Nuclear import-export of galectin-3 was reported to be dependent on this phosphorylation by GSK-3β (53). Galectin-3 was also reported to be an important partner for the inactive form of GSK-3β to drive oncogenic transformation (54) . By contrast, transforming growth factor-β (TGF-β) is a major inducer of EMT (55) . Previously, TGF-β-induced EMT was reported to be reduced in mice deficient in galectin-3 (56) . Therefore, galectin-3 may serve a role in the induction of EMT by inhibiting GSK-3β activity, resulting in tumor cell survival in lymphatic or blood vessels, where tumor cells have no contact with each other or the matrix. In the subgroup analysis conducted in the present study, recurrence (P<0.001), distant metastasis (P<0.001), R1 status (P=0.009), and microscopic vascular invasion (P=0.033) had significantly higher prevalence in patients with gal-3-INA than in those without gal-3-INA. These results support the hypothesis that gal-3-INA serves a role in EMT induction. When the presence of gal-3-INA was examined in 3 patients Table IV . Subgroup analysis according to gal-3-INA. with lymph node metastasis who had undergone surgery after 2006, gal-3-INA was observed in 5/6 involved nodes (88.9%) (data not shown). However, the association between the nuclear accumulation of galectin-3 and EMT induction has not yet been elucidated. Additional investigation, in the form of large-scale study and in vitro studies, is required to confirm this hypothesis. The reported prognostic factors of EHCC include lymph node metastasis, number of involved nodes, surgical margin status, UICC TNM factors, UICC TNM stage, perineural invasion, adjuvant chemotherapy and comorbidity (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) . In the present study, these factors had a statistical significance in certain univariate analyses. However, they were not able to overcome the effect of the presence of gal-3-INA. In the present study, only 23 patients undertook adjuvant chemotherapy, which did not improve the prognosis of the patients. If recent advances with gemcitabine-and/or S1-based chemotherapy were applied to patients with gal-3-INA, the OS and DFS may have been improved. Therefore, gal-3-INA may become one of the biomarkers that indicates the necessity of adjuvant chemotherapy.
Multivariate analysis -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
The present study had certain limitations. Firstly, the authors recognize that this is a retrospective and small study. Furthermore, the present study includes a number of patients (n=14) whose observation period following surgery had not yet surpassed 5 years. Of these 14 patients, 7 patients were living without any recurrence (observation period: 1.1, 1.9, 2.3, 2.4, 2.8, 2.8 and 2.8 years, respectively). Since EHCC is known to recur even after >5 years, these patients must be carefully followed up. However, in the analysis of the DFS of 44 patients observed for >5 years, gal-3-INA was observed to be an independent prognostic factor by multivariate analysis (HR, 3.088; 95% CI, 1.246-7.651, P=0.03).
In conclusion, the presence of gal-3-INA is a prognostic factor for patients with DCC. This performs a role in developing metastatic foci, resulting in poor prognosis. Elucidating the mechanisms of the translocation of galectin-3 into the nucleus may improve the prognosis of patients with DCC.
